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United States Department of the Interior

NATIONAL PARK SERVICE
GRAND CANYON NATIONAL PARK

P.O. BOX 129
IN REPLY REFER TO: GRAND CANYON, ARIZONA 86023-0129
A7615(GRCA 8221)
JAN 2 8 1998

Federal Facilities Coordinator
Environmental Protection Agency, Region 9
75 Hawthorne Street

San Francisco, California 94105

Dear Federal Facilities Coordinator:

Enclosed is a copy of the “Phase I Preliminary Assessment (PA) Report” of the Orphan Mine
located at Grand Canyon National Park, Arizona. This Preliminary Assessment was conducted
by the National Park Service (NPS) to determine if a threat to human health and the environment
is imposed by the for limited exposure to NPS employees and visitors to low levels of
radionuclides via the air pathway.

Although the HRS pre-score for the site was calculated to be 13.47, well below 28.50, NPS
decided to proceed with a more comprehensive study of the issues in an effort to be most
protective of human health and the environment. The results of this study, documented in the
“Site Inspection and Remediation Risk Assessment Project” report are currently being evaluated
by the NPS. Once this report is finalized, we will forward a copy to your office for your review.

Should you have questions or comments, please contact Curt Edlund, Chief of Maintenance, at
telephone number 520-638-7730.

Sincerely,

James T. Reynolds
Deputy Superintendent

Enclosures
Phase 1 Preliminary Assessment Report



James_Eliman@contractor .n To Philip Armstrong/R9/USEPA/US@EPA
ps.gov

cc  Shawn_Mulligan@nps.gov
06/22/2007 12:00 PM - gan@nps.g

bee
Subject Fw: Google Earth image of Orphan Mine Site

Philip: As you requested, attached below is the Google Earth page with a
photo of a centrally located portion (the upper mine yard) of the Orphan
Mine Site with the latitude and longitude at the bottom of the page. Please
confirm with me that you received it.

Jim
————— Forwarded by James Ellman/Contractor/NPS on 06/22/2007 12:53 PM -----
"Mark Gemperline®
<MGEMPERLINEEGdo.u To: "Jim Ellman"
<James_Ellman@contractor.nps.gov>
sbr.gov> cC:

Subject: Google Earth Image
06/22/2007 12:50
PM CST

You have been sent a picture of the earth taken with Google Earth
{(http://earth.google.com).

Google Earth streams the world over wired and wireless networks

enabling users to virtually go anywhere on the planet and see places in

photographic detail. This is not like any map you have ever seen. This
is a 3D model of the real world, based on real satellite images combined
with maps, guides to restaurants, hotels, entertainment, businesses and

more. You can zoom from space to street level instantly and then pan or
jump from place to place, city to city, even country o country.

Get Google Earth. Put the world in perspective,

{See attached file: GoogleEarth_Image.jpg) GoogleEarth_Image.ipg

earth.google.com
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EXECUTIVE SUMMARY

Harding Lawson Associates (HLA) completed a Phase I Preliminary Assessment (PA) of
the Orphan Mine in Grand Canvon National Park, Arizona, under the Denver Service Center
Task Order No. 1443T0200-92-126. The PA was performed in accordance with "Guidance for
Performing Preliminary Assessments under the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA) Guidance Document,” dated 1991 (EPA, 1991b).

‘The purpose of the PA is to provide information that will be used to assess if the Orphan Mine

site poses a threat to human health anq the environment and requires further investigation under
the EP_A CERCLA site assessment process.

The site is located approximately 1.5 miles northwest of the South Rim Village and
consists of an approximately 3-acre upper mine area at the Canyon Rim with numerous
abandoned sheds and scattered mine waste and a lower mine area approximately 1000 feet in
elevation below the canyon rim with several adits and a large "glory hole". Copper ore was
mined from 1906 to 1959. Uranium ore was mined from 1951 until April 1969.

Several radionuclide surveys were performed at the site between 1981 and 1986. Results
of these previous surveys suggest that gamma radiation up to 3.0 millirems per hour (mR/hr)
emanates from mine waste at the site. Some of the previous investigators recommended that
mine waste be reclaimed by filling the main shaft at the upper mine area with the waste at the
site, and then capping the shaft with concrete.

The site is on the Coconino Plateau of thé Colorado Plateau Geomorphic Province. The
shaft from the upper mine area encounters Kaibab Limestone, Coconino Limestone, Hermit
Shale, and Supai Sandstone and Shale. Groundwater is expected to occur at a depth greater than
1000 feet below the canyon rim in the Coconino Sandstone. The nearest permanent surféce
water to the Orphan Mine is the Colorado River, approximately 2 miles and 4600 vertical feet
below the .upper mine area. The mean annual precipitation at the site is approximately

16 inches occurring principally in the summer and winter seasons, as afternoon thunderstorms
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and winter snowfall. Mean maximum temperatures rang from 41 degrees Fahrenheit (°F) in
January to 84°F in July. Mean minimum temperatures range from 18°F in January 1o 54°F in
July. Generally, wind flows up and down the canyon from the north-northeast to the south
and southeast, from 2 to 4 meters per second.

On September | and Nov-ember 4 and 5, 1992, HLA personnel visited the Orphan Mine
to assess current site conditions and interview personnel who previously worked at the mine,
The site slopes gently down to the southeast and is primarily covered with grass and bushes.
Other features observed at the site include red cinders used as a road base for truck traction, a
concrete ore storage pad art the southeast corner, several concrete foundations from former site
buildings, a shed containing an air compressor, and the main shaft headframe at the canyon rim.
Mine waste was observed scattered around the inside perimeter of the fenced site and outside
the fenced area to the west. According toa former mine employee, some ore may have spilled
over the edge of the trucks as they circled the site after retrieving ore from the hopper beneath
the main Shaft headfréme.

On September 1, 1992, HLA observed one underground storage tank that reportedly

‘contained diesel at the site. Approximately 5 inches of liquid remained in the UST. During the
November site visit. a reconnaissance radionuclide survey was performed at the upper mine
area. Background beta plus gamma radiation ranged from 0.01 to 0.04 mR/hr. Beta plus
gamma radiation above this background level averaged 5 to 10 mR/hr primarily around the
perimeter of the tenced area. Additionaily, an area 60 feet west of the mine, outside the

fenced area, had beta plus gamma radiation readings above the background level. The radiation
readings were taken on individual rocks at the ground surface and decreased rapidly to
background conditions a few inches away from the rock. HLA observed the lower mine area
from Maricopa Point. Features visible were a large "glory hole" and remnants of the aerial
tramway that led from the upper mine area to the lower mine area.

HLA evaluated the groundwater pathway, surface water pathway, soil exposure pathway,

and air pathway. in accordance with the PA guidance document, to assess potential human and
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ecological exposures to contaminants from the site. These pathways were evaluated within a
d4-mile radius of the site and for 15 miles downstream of the site on the Colorado River. No
active wells were identified within a 4-mile radius of the site; therefore, the groundwater
pathway was not scored and part of the PA.

The potential for chemical migration from site sources to intermittent perennial surface
water bodies is considered low. Runoff from the upper mine area flowsAaway from the canyon
and is presumably lost to evaporation and ground infiltration. Runoff from the lower mine area
is toward Horn Creek, an intermittent tributary to the Colorado River. No drinking water
soﬁrces were identified within 15 miles downstream of the lower mine area on Horn Creek or
the Colorado River. However, the Colorado River is used as a recreational fishery.

[Iwnﬂ_considéred for the soil exposure pathway are workers, residents, and
people attending schools and daycare centers within 1 mile of the site, and terrestrial sensitive
environments. The potential threat associated with the soil exposure pathway is'considered low
because there are no residents, schools, or regularly present workers within | mile of the site.
However, the site is considered a terrestrial sens;itive environment under this pathway because it
is within the Grand Canyon National Parg

Radionuclides and other metals that may be present in surface soil on or near the site
could migrate from the site via the air pathway. Elevated beta and gamma radiation release to
the air are suspected based on previous radionuclide surveys. Targets receptors considered
under the air ‘pathway include residents, students, and worker population within 4 miles of the
site, and sensitive ecological'environments within 1/2 mile of the site.

The overall site score using the PA scoresheets and data from the four exposure
pathwavs was 13.47. According to EPA guidance, sites (such as the Orphan Mine) that score
less than 28.50 receive a recommendation for no further remedial action under the CERCLA
site assessment process.

HLA recommends that no one should enter the mine tunnels unless the radiation levels

are lowered. If the GCNP wishes to open the upper site area for public access site reclamation
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should at least include mitigating physical site hazards. Based on the results of the PA, HLA is
unable to assess if visitors and park employees direct contact with the site waste would cause
adverse health effects. [f the site is opened, either a baseline risk assessment should be
performed to assess health effects resulting from direct exposure or the site should be reclaimed
to background conditions. For either scenario, the extent of mine waste at the upper and lower
mine areas andi the magnitude of radiation should be assessed. The investigatio-n and UST
closure would cost approximately $43,098. A baseline risk assessment would cost approximately
$24,922. Since the site is not fully characterized, HLA is unable to present cost projections for
site reclamation.

" HLA recommends that the identified underground storage tank be closed in accordance
with the Arizona Department of Environmental Quality regulations. This would cost

approximately $10,500.
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1.0 INTRODUCTION

This Phase | Prelirﬁinary Assessment (PA) of the Orphan Mine in Grand Canyon
National Park (GCNP), Arizona, was prepared by Harding Lawson Associates (HLA) to satisfy
the requirements of Task Order 1443T0200-92-126 authorized by the National Park Service
(NPS) Denver Services Center (DSC) on September 30, 1992. This PA has been prepared in
accordance with (1) the Federal Agency Hazardous Waste Compliance Docket Reference Manual |
(EPA, 1991a). and (2) Guidance for Performing Preliminary Assessments Under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

(EPA, 1991b).

The purpose of a PA is to provide information that will be used to distinguish sites that
pose little or no threat to human heaith and the environment from sites that require further
investigation under EPA's CERCLA site assessment process. The PA also identifies sites
requiring emergency response actions. The structure of the PA follows the structure of the
Hazard Ranking Syvstem (HRS) model (55 FR 51532, December 14, 1990), the mechanism used
by EPA to evaluate sites for inclusion on the National Priorities List (NPL). By definition, the
PA is a limited-scope investigation that emphasizes gathering information on people and
resources that might be threatened by chemicals migrating from the site. The PA generally
tnvolves a site reconnaissance without collection of environmental samples (EPA, 1991b).

This PA is the result of observations made during a site reconnaissance on September 1
and November 4 and 5,' 1992, and interviews of NPS and state agency personnel conducted by
HLA.

The objectives of the PA for the Orphan Mine are to:

1. Provide physical descriptions of potential sources of hazardous substances
associated with the site. )

2. Identify human and environmental target receptors associated with the four
pathways: groundwater, surface water, soil exposure, and air.

3. Evaluate the likelihood of hazardous substances migration from the site via
groundwater, surface water, and air.

B17047-R119
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4. Evaluate the likelihood for direct contact with soil by human and environmental
targets.

5. Determine whether CERCLA a Site Inspection (SI)- is warranted.
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2.0 SITE DESCRIPTION

This section provides general site descriptive information including the site location, site
history, previous investigations, geology, surface and subsurface hydrology, and meteorology.
2.1 i ation_An scription

The Orphan Mine is located in GCNP midway between Powell Memorial and Maricopa
Point, approximately | 1/2 miles northwest of South Rim Village, Coconino County, Arizona
(Plate 1). The site lies within Township 31 North, Range 2 East, Section 14 (Plate 2). The site
is comprised by an upper mine area at the canyon rim and a lower mine area approximately
1000 feet in elevation below the canyon rim. Access to the site is by West Rim Drive from
South Rim Village: The upper mine area is surrounded by a 6-foot high cyclone fence on the
west. east, and south sides. and the canvon rim on the north side. Access to the site is through
a locked gate. The lower mine area is accessible only by foot along the base of the Coconino
Sandstone from the Bright Angel Trail. |

The upper mine is an approximately 3-acre relatively flat area surrounded by a cyclone
fence and the Canvon rim. The majority of this area is covered with grass, bushes, and
aggregate materials. Several abandoned sheds and concrete/asphalt pads exist throughout the
site. The main adit headframe and ore hopper are located at the north edge of the site.

The lower mine is an approximately l-acre steeply sloping area approximately 1000 feet
in elevation below the canyon rim. A few abandoned sheds and a large mining subsidence hole
(glory hole) connected to underground adits and shafts are visible at the lower mine area.
Additionally, remnants remain of a tramway to the upper mine area.

2.2 i istorv

Daniel L. Hogan and Henry Ward filed the claim for copper mining in 1893 at the lower
mine area and patented it in 1906. Copper mining occurred at the lower mine area at various
times between 1906 and 1959. The claim was acquired by Madeline Jacobs in 1946

(Magleby,'l%l). As a result of the discovery of uranium at the site in 1951, the mineral rights
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wére leased in 1953. The rights were later acquired by a subsidiary of Western Gold and
Uranium Inc., later renamed Western Equities, Inc. (Hom, 1986).

In 1956, Western Gold built an aerial tramway from the lower adit area to the rim to
facilitate removal of uranium ore. From 1956 to 1959, ore production averaged 1,000 tons per
month of | percent uraninite (0308).

In 1959, a shaft was driven from the top of the tramway to 1600 feet below the canyon
rim to the lower adits to haul ore, men, and materials to and from the lower mine workings
(Hom, 1986). Production in 1960 averaged 6400 tons per month of 0.3 percent U3Og (Hom,
19_86). Most of the ore was trucked to the Tuba City, Arizona mill for processing. Some ore
was also shipped by railroad to a uranium mill in Grants, New Mexico (Hom, 1986).

In 1961, the permitted fnining limit for ore deposits in GCNP was reached. Under
public law of 1962, additional ore could be mined until 1987, at which time the site would
become NPS property (Hom, 1986).

The Cotter Corporation purchased the mine in 1967 and continued mining until April
1969, at which time all mining operations at the Site ceased (Hom, 1986). In February 1981,
Republic Mining Enterprises purchased the Orphan Mine (Hom, 1986). In 1987 the GCNP

acquired the site.

2.3 E‘rgvigus Investigations

Results of several radionuclide surveys in the GCNP files were reviewed by HLA.
Throughout the 1980s, Arizona State University Students performed radionuclide surveys of the
Orphan Mine and other areas of the GCNP. These surveys were performed as class exercises,
and the objectives, results, and conclusions were not clearly presented in the reports anc! did not
contain appropriate quality assurance. Therefore, the results will not be considered as
background information.

In 1981, the U.S. Department of Labor Mine Safety and Health Administration (MSHA)

prepared a report entitied, "Report of Radiation Survey, Orphan Mine, Grand Canyon National
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Park. Arizona." dated November 5 through 7, 1981 (Day, 1981). The survey was performed in
response to requests by the NPS for information regarding radiation and the current status of
underground workings at the site. On November 5, 1981, gamma radiation up to 3.0 millirems
per hour (mR/hr) was measured at the main shaft area of the upper mine workings. In the
middle of the upper mine workings near the guard’s home site, 0.05 to 0.10 mR/hr of gamma
radiation was measured. On November 6, 1981, an underground survey was conducted. At
approximately 700 feet below the canyon rim, several measurements were taken. The
ventilation airflow volume was 7800 cubic feet per minute; temperature was 3 degrees
Fahrenheit, with the relative humidity of 82 percent. Detector tubes indicated no carbon
monoxide was present. Bistable air samples indicated 500 parts per million (ppm) carbon
dioxide, 0.0 ppm carbon monoxide, and 20.91 percent oxygen. Radon daughter samples were at
49.8 WL. A1 1500 feet below the rim, at the shaft bottom, two radon daughter samples
contained 54.8 and 60.6 WL. Gamma radiation measurements indicated 4 to § mR/hr.. Based
on the results of the survey, the MSHA recommended that no one enter the mine unless work is
done to lower the radiation levels. Additionaliy, they recommended that since the guard's home
site area was exposed to gamma measurements of 0.05 to 0.10 mR/hr, which would exceed the
maximum allowable 0.17 rem dose exposure per vear, that the guard home site be moved away
from the mine dump areas. The MSHA did not specify the basis for the 0.17 rem exposure
standard. The MSHA did not present a site plan indicating measurement locations, nor did they
tabulate the data.

On March 3, 1986, Landmark Reclamation (Landmérk, 1986) performed a radiological
survey utilizing an Eberline PRM-7 Microrem meter. Landmark Reclamations’ assessment was
performed to assess the extent and magnitude of radiological contamination in an around the
upper mine area. The assessment was included in a proposal for site reclamation. Their surveys
were performed on a 25-foot grid over the yard area taking measurements with the meter at
waist height. Additionally, they collected soil samples from six locations at various depths

throughout the mine and surrounding area to assess uranium content in the soil to correlate
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between total gamma readings and soil uranium content. The soil sample results were not
presented in the Landmark Reclamation report. Radionuclide survey results ranged from 0.08
to 0.9 mR/h. The highest readings were measured at the southeast corner of the upper mine
area near the concrete ore pad and at the upper mine shaft opening. Plate 3 presents results of
the Landmark Reclamation radionuclide survey. Based on the results of the assessment, and the
high visitor use. at this area, Landmark Reclamation recommended that the resi&ual radioactive
material be excavated f t:om the si}e and disposed down the 1600-foot shaft at the rim and the
remaining material buried at an offsite location. Additionally, they recommended that the shaft
opening, once the material was placed inside, be sealed to prevent radon gas from emanating to
the surface. Thev further recommended that the tramway structure and lower mine bunk house
area and residual mining equipment be removed. Their final recommendations included |
recontouring the site and planting native vegetation.

In June 1986, the U.S. Department of Interior Bureau of Land Management (BLM)
completed 2 rectamation report for the Orphan Mine. The results of the BLM radiological
survey at the upper and lower mine area using an Eberline PRM-7 Microrem meter at waist
height had eight readings ranging from 0.11 to 3.2 mR/hr. The highest reading of 3.2 mR/hr
was in an adit at the lower mine workings. The BLM report did not contain a legible site plan
indicating reading locations. The BLM recommended that the material with highest radiation
readings in and around the fenced upper mine area be deposited into the mine shaft. After the
material is placed in the shaft, they recommended that the shaft be sealed with 4-foot concrete
cap, and then covered with 2 feet of top soil. At the lower mine workings, the BLM
recommeénded that a heavy-duty chain-link fence be constructed around the mining subsidence
hole to prevent wildlife and hikers from falling in. The BLM recommended that all adits and
raises be sealed by exploding dvnamite to prevent entry into the underground mine workings
and to prevent build-up of naturally occurring spring water in the mine adits. The BLM
concluded that reclamation of the Orphan Mine site should be implemented by the NPS to

minimize residual hazards to park visitors from the past mining operation. However, they stated
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that reclamation of the site need not be the highest priority because of the short radiological
exposure time experienced by park visitors.
2.4 Geology

The site is on the Coconino Plateau of the Colorado Plateau geomorphic province. The
upper mine working area is on recent soils of the Kaibab Formation Limestone. The shaft from ‘
the upper mine area encounters Paleozoic age Kaibab Limestone, the Toroweap Formation,
Coconino Sandstone, Hermit Shale, and the Supai Formation (sandstone and shale) (Gornitz
et al., 1970). The ore body is located in 2 breccia pipe filled with rock fragments from the
Coconino Sandstone and angular silistone, shale, and limestone breccia from the Supai and
Hermit Formations. These rocks collapsed into a solution cavity formed in the Redwall

Limestone. The primary ore was uraninite, pyrite, chalcocite, tennantite, chalcopyrite, and

. galena (Gointz et al., 1970).

2.5 urface An surf rol

The nearest permanent surface water feature to the Orphan Mine is the Colorado River,
which forms the base of the Grand Canyon approximately 2 overland miles and 4600 vertical
feet below the upper mine area. The Colorado River flows westward through GCNP and Lake
Mead Nationa! Recreation Area before turning southwestward and eventually emptying into the
Gulf of California.

Based on a review of the U.S. Geological Survey topographic map (1962) and
observations made during the site visits, surface water runoff from the upper mine area flows
southeast off of the site and away from the canyon. Runoff water from the upper mine area
would probably be lost to evaporation and ground infiltration. Seepage and runoff from the
lower mine area flows toward Horn Creek, an intermittent tributary to the Colorado River
(Plate 4).

Groundwater in the Coconino Plateau originates in the San Francisco Peaks/Williams
areas, the Aubrev Cliffs area. and the highlands surrounding South Rim Village. Water from

precipitation in the highlands near South Rim Village percolates through a series of permeable
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and semi-permeable strata creating a number of perched water zones. Most c;f these zones yield
little water for development. However, at elevations approximatély 1000 feet below the surface
of the rim, the Coconino Sandstone, where underiain by the Hermit Shale, may provide a low
vield of water to wells. The saturated thickness of the perched aquifer depends on the relative
permeability of Hermit Shale, amount of precipitation, and any local geologic structural
influences. Groundwater perched on the Hermit moves radially until finally percolatiﬁg through
the Hermit and the Redwall Limestone into the Muav Limestone (Johnson, no date).

2.6 Meteorology

The following climatological data for the South Rim of GCNP was summarized from the
Final Environmental Impact Statement, GCNP (NPS, no date). Mean annual precipitaiion is
approximately 16 inches. Almost equal amounts of precipitation are received in the winter and
summer seasons; spring and fall are relatively dry. Precipitation events in the summer occur
when afternoon thunderstorms form as a result of solar heating of the canyon walls. In the
winter season, middle latitude storms carrying Pacific moisture propagate eastward depositing
snow on the South Rim. Generally, the winter storms are light to moderate in intensity;
however, occasionally severe winter storms will pass through the area.

The mean maximum temperature ranges from 41 degrees Fahrenheit (°F) in January to
849F in July. The mean annual temperature is 49°F. Mean minimum temperatures range from
18°F in Januz;ry to 54°F in July. Generally, temperatures increase with decreasing elevation in
the canvon.

As a rule. the wind flows up and down the canyon from north-northeast to the south
and south-southwest direction which reverses diurnally. Wind speeds are typically low and

range from 2 to 4 meters per second. Night-time inversions are common in the canyon. '
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3.0 WASTE CHARACTERISTICS

The initial step in evaluating waste characteristics for the PA is to identifv sources at the
site. EPA guidance (1991b) defines a source as an area where a hazardous substance may have
been deposited. stored. disposed, or placed. Soil that may have become contaminated as a result
of hazardous substance migration is also considered a source. This section discusses the
information gathered during the site visits, and the rationale for source identification and
evaluation. Also discussed in this section are applicable UST, mine remediation, and radiation
exposure regulations. Plate 3 illustrates the site plan. Appendix A presents the PA information
form, Appendix B presents the PA Scoresheets, and Appendix C presents site photographs.

3.1 Site Visit

On September | and November 4 and 5, 1992, HLA personnel visited the Orphan Mine
to assess current site conditions. Prior to arriving at the site, HLA personnel interviewed a
former mine employvee who provided information on past operations. The former mine
emplovee stated that waste rock and lesser ambunts of ore would accumulate around the
perimeter of the site as the mine trucks exited the site hauling the ore to the offsite mills
(GCNP, 1992).

The site slopes gently down to the southeast. The majority of the site was covered with
grasses and shrubs. Red cinder was used as a road base for truck traction and also covered
much of the site. The concrete ore pad was observed at the southeast corner of the upper mine
area. Several concrete foundations from former site buildings were observed in the center of
the site. A shed containing an old compressor was observed at the northeast corner of the site
adjacent to the canyon rim. A concrete pad and asphalt pad at the west edge of the site was
also observed. The former mine employee stated that these pads were used as foundations for a
mechanic shop and a parking area.

Y(zrle underground storage tank (UST) was obser_ved in -the middle of the site. The UST (.)(
was appro#imately S-foot-wide by 13-foot-long and contained approximately 5 inches of liquid.

The former mine emplovee stated that the UST was used to store diesel fuel. He stated that a
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se.cond UST was used adjacent to a concrete pad just north of the center of the site (GCNP, \,\9(
1992). HLA was unable to assess if the UST still exists.

During the site visit, a reconnaissance radionuclide survey was performed at the upper
mine area to assess distribution of radioactive ore and waste rock. Radiation was randomly
measured throughout the t'ence.a area and west of the fenced area. Background .beta, plus
gamma radiation outside the fenced area at the southwest corner ranged from 0.01 to
0.04 mR/hr. Beta plus gamma radiation above this background level averaging 5 to 10 mR/hr
was observed primarily around the perimeter of the fenced area. Small accumulations of rock
ovgrburden and possible ore were observéd around the inside perimeter of the fenced area,
where the former emplovee had indicated that trucks had driven. Approximately 60 feet west
of the mine outside the i‘enced.area, radiation was detected above the background level at a
200-square-foot area that appeared to be where ore trucks had parked. The radiation readings
were a!sol taken above individual rocks at the ground surface. The readings rapidly decreased to
background conditioﬁs within a few inches from the rocks.

From Maricopa Point east of the upper mine area, HLA observed the lower mine area.
A large "glory hole" was observed near the base of the aerial tramway that was formerly used
during the mining operation.\éeepage water reportedly emanates from a small diameter pipe at
the lower mine area (Hom, 19862

3.2 Source Evaluation

Potential sources of contamination at the ‘Orphan Mine were evaluated according to PA
scoring guidance (EPA, 1991b), presented in Appendix B. Site sources were delineated as
follows: (1) contaminated soil; (2) the underground storaée tank (UST) observed during the site
visit; and (3) the UST allegedly present that was not observed at the time of the site visit.l

Areas of soil potentially contaminated by radionuclides and metals were conservatively
estimated to include (1) the entire three-acre fenced portion of the upper mine area; (2) one

additional acre where contaminated soil may be present outside of the fence at the upper mine
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area; and (3) two acres at the lower mine area where ore and waste rock may have been
deposited on the slope. The source of radionuclides at the site is uraninite in the mined ore and
waste rock. The ore contained 0.3 percent to 1.0 percent uraninite (Hom, 1986). The waste
rock would probably contain lower concentrations of uraninite than the ore. Uraninite (U308)
is water soluble in an oxidizing environment.

The UST that was observed during the site visit and the second UST that is allegedly
present were also identified as sources. The observed UST was reportedly used to store diesel
fuel; contents of the second UST are not known. Tank capacity for each UST was estimated as
5000 gallons.

3.3  Regulatorv Framework

The regulatory framework for the site USTs, mine site remediation, and worker and

public exposure to radiation are as follows.
| Underground Storage Tanks

The State of Arizona through the Arizona Department of Environmental Quality (ADEQ)
has regulatory authority for the registration and closure of USTs in accordance with Federal
Regulation 40 CFR 286 and Arizona Revised Statute 49, Chapter 6. The regulatory proceedings
developed by ADEQ require that USTs be registered prior to removal. The ADEQ requires
visual inspection and soil sampling and analysis to determine if the USTs have leaked. Affected
soils above the suggested soil cleanup levels will need to be removed and properly disposed or

remediated.

Mine Site Remediation

There are no established standards for remediation of uranium mine sites. The U.S.
Environmental Protection Agency (EPA) established "Standards for Cleanup of Land and
Buildings Contaminated with Residual Radioactive Materials from Inactive Uranium Processing

Sites” (40 CFR 192 Subpart B). These standards may be appropriate for the Orphan Mine site.

The standards for remedial actions at inactive uranium processing sites state:
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The concentration of radium-226 in land averaged over any area of 100 square meters
shall not exceed the background level by more than:

. Five pCi/g [picocuries per gram} averaged over the first {5 cm [centimeters) of
soil below the surface, and

. 15 pCi/g averaged over a 15 cm thick layer of soil more than 15 cm below the
surface,

Although these standards are not directly applicable to the Orphan Min'e site, they may
serve as target remediation goals for any subsequent soil excavation at the site.

Radiation Exposure

No limits have been established for human exposure to radiation from inactive uranium
mine sites. To establish exposure criteria for the Orphan Mine site, standards developed for
other locations were considered. For on-site worker exposure (personnel involved in
investigation or remediation), the most appropriate standards are established by the Occupational
Health and Safety Administration (OSHA) for personnel exposure in restricted radiation areas.
This standard limits total personnel exposure to 1.25 rems per calendar quarter (29 CFR
1910.96).

For NPS personnel and Park visitors, the most appropriate radiation exposure standards
are those developed by the Nuclear Regulatory Commission (NRC) for licensed facilities. The
"'Radiation Dose Limits for Individual Members of the Public” developed by NRC state the
following (10 CFR 20 Subpart D):

Each licensee shall conduct operations so that-

. The total effective dose equivalent to individual members of the public from the
licensed operation does not exceed 0.1 rem in one year.

. The dose in any unrestricted area from external sources does not exceed 0.002
rem in any one hour. :
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4.0 PRELIMINARY PATHWAY ANALYSIS

The emphasis of the PA is to evaluate human and environmental targets that may be
threatened as a result of chemicals migrating from a site via groundwater. surface water, and
air. Emphasis is also placed on evaluating targets that may come into direct contact with site-
related chemicals in soil. The preliminary pathway analysis for this report was guided by the
PA scoring process (EPA, 1991b). A PA score generated for the Orphan Mine is presented on
the PA Scoresheets in Appendix B.

This section provides a discussion of the potential for chemical migration from the
Orphan Mine_ site and the target receptors associated with each pathway. Although the
discuss_ion that follows in this section is largely qualitative, scoring criteria are included where
applicable.

4.1 Groundwater Pathwayv

The potential for drinking water contamination from site-related chemicals migrating in
groundwater is considered minimal to none. As discussed in Section 2.5, groundwater is present
locally only in perched aquifers approximately 1000 feet below the rim surface.

Target populations considered under the groundwater pathway are humans supplied with
drinking water from wells within 4 miles of the site. Drinking-water supplies for all park
facilities within a four-mile radius of the site are transferred by pipeline from the Roaring
Springs on the North Rim. A search conducted by the Arizona Department of Water Resources
(1993) indicated no active wells are present within 2 4-mile radius of the site, therefore, the
groundwater pathway was not scored.

4.2 rf Wa athwav

The potential for chemical migration from site sources to intermittent or perennidl
surface water bodies is considered low. Runoff from the upper mine area is away from the
canyon, and is presumably lost to evaporation and ground infiltration. Runoff from the lower
mine area, where spring water has been reported by the BLM to discharge from adits, is toward

Horn Creek, an intermittent tributary to the Colorado River. The headwaters of Horn Creek
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are approximately 1/2 mile downslope from the lower mine area (USGS, 1962-). According to
EPA Guidance (EPA, 1991b), the location of the headwaters of Hom Creek is considered the
probable point of entry (PPE) of chemicals into surface water (Plate 4). However,
concentrations of any chemicals potentially discharged from the lower mine area to the
headwaters of Horn Creek would probably be negligible because 1) the percentage of uraninite
in the Orphan Mine ore body is low (0.3 to 1.0 percent), 2) the spring water from the‘lower
mine area would probably be diluted by collective runoff leading to the headwaters of Horn
Creek, and 3) the distance between the spring water discharge from the lower mine area and the
headwaters of Horn Creek is relatively far (0.5 miles). The flow rate of Horn Creek for most
of its length is estimated as less than 10 cubic feet per second (cfs) because it is interfninem.
However, the flow rate of Horn Creek may increase significantly where it empties into the
Colorado River. The flow rate of t'he Colorado River is quite variable throughout GCNP,
ranging between 7000 to 20,000 cfs (Arizona Department of Fish and Game, 1993).

The target distance limit for the surface water pathway is measured as 15 stream miles
from the PPE (Plate 4). Targets include humans that might ingest drinking water or fish from
downstream surface watér bodies, and sensitive environments that occur along the 15 mile target
distance limit. The segment of the Colorado River that flows through GCNP has no drinking
water intakes. however it is a recreational fishery inhabited by rainbow trout, brown trout,
sunchannel cn.tt'ish. and striped bass (_Arizona Department of Fish and Game, 1993). As
reflected by the PA score, site-related chemicals that might reach the Colorado River would be
rapidly diluted minimizing the potential for uptake by human food chain organisms.

Sensitive environments considered for the surface water pathway are indicated in PA
Table 5 (Appendix B). A national park is considered a sensitive environment recetving the
highest available assigned value for that scoring category. In addition, the federal and state

endangered humpback chub and razorback sucker inhabit the segment of the Colorado River

that flows through GCNP.
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Negligible threat to downstream receptors is indicated by the overall surface water
pathway score. The score is low because the chemical migration path from the site to Horn
Creek is relatively far (1/2 mile), and because the dilution effects of the Colorado River are
considered significant.

4.3 Soil Exposure Pathwayv

Targets considered under the soil exposure pathway are workers, residents, and people
attending schools and dayﬁare centers within 1 mile of the site, and terrestrial sensitive environ-
tﬁents located on any area of suspected contamination.

GCNP is considered a terrestrial sensitive environment under the soil-exposure pathway,
contributing to the target score. However, the overall potential threat associated with the soil
exposure pathway as a result of chemicals from the Orphan Mine is considered low because
there are no residents, schools. or regulariv-present workers within one mile of the site.

4.4 Air Pathway

Radionuclides and other metals that may be present in surface soil on and near the site
could migrate from the site via air. The radionuclide reconnaissance survey conducted during
the site visit indicated beta plus gamma radiation above background levels is present at ground
surface over portions of the upper mine area. A suspected release to air was conservatively
assigned in the PA score. |

Target receptors considered for the air pathway include resident, student, and worker
populations within 4 miles of the site, and sensitive environments within 1/2 mile of the site.
There are no resident. students, or workers that are regularly present within one mile of the
site. Between | and 2 miles there are approximately 2000 residents and 300 students at South
Rim Village. A davcare center with the capacity for 100 children is currently under
construction at South Rim Village as well. Between 2 and 3 miles from the site an additional
resident population of 200 was estimated (Plate 4). No other residents, students or workers were

identified (NPS, 1993).
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The fact that the site is within a national park accounted for the only significant
contribution to the air target score. The overall score for the air pathway, however, is relatively
low because regularly present human populations are beyond the distance that large quantities of

chemicals would be expected to migrate in air.
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5.0 CONCLUSIONS

The Orphan Mine is an inactive uranium mine located on the South Rim of the Grand
Canvon. Types of chemicals known or suspected to be present inciude radionuclides and metals
associated with scattered ore and waste rock. Diesel fuel was once stored onsite in at least one
UST. Contents of an alleged second UST are not known.

Little threat to human or environmental target receptors is indicgted as a result of
evaluating the groundwater, surface water, soil exposure, and air pathways using PA scoring
procedures. Th_e most heavily weighted scoring factor was assigned on the basis of the presence
of the site within a naxion_al park. |

"The overall site score using the standard PA score sheets was calculated as 13.47
(Appendix B). According to EPA guidance (EPA, 1991b), sites that score 28.50 or greater
receive a further action recommendation, while sites that score less than 28.50 achieve the status
"Site- Evaluation Accomplished". The site score for the Orphan Mine indicates .the site would
not proceed further in the CERCLA site assessment process.

HLA concurs with the MSHA recomme'ndations that no one should enter the mine
tunnels unless the radiation levels are lowered. If the GCNP wishes to open the upper site area
for public access. HLA concurs with the BLM recommendation for site reclamation. If the site
is opened, reclamation should at least include mitigating physical site hazards. Based on the
results of the PA. HLA is unable to assess if visitors and park employees direct contact with the
site waste wéuld cause adverse health effects. If the site is opened, either a baseline risk
assessment should be performed to assess health effects resﬁlting from direct exposure or the
site should be reclaimed to background conditions. For either scenario,, the extent of mine
waste at the upper and lower mine areas and the magnitude of radiation should be assessed.
HLA presents a site investigation work plan and cost estimate details for completing the
investigation in Appendix D. The investigation and UST closure would cost approximately

$43,098. A baseline risk assessment would cost approximately $24,922, as detailed in Table
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D-2 in Appendix D. Since the site is not fully characterized, HLA is unable to present cost
projections for site reclamation.

HLA recommends that the UST identified at the site be closed in accordance with
ADEQ regulations discussed in Section 3.3. Approximate closure costs would be $10,500 as

detailed in Table D-] in Appendix D.
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323 Miss 300 Rispocs Soxsive Egvironspens Tyve/Wertagds Arey tpcres)
>’.‘“h O M —Mf’k ———
Total Wichin ¢ Miles 3 ZQ‘! 0% Mik M‘é —
seewsae _ Netipal Aok _
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PRELIMINARY ASSESSMENT SCORESHEETS
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'APPENDIX A

OME Approval Number: 2050-0095
Approved for Use Througn: /62

PA Scoresheets

Site Name: _A/AS Orphan Mine. Investigator:

TZRCLIS 1D No.: ' Agency/Qrganization: A[zzfg J égré S. €rvice..

Deaver Sepvces Ceater
Strest Address: /£ nles Nulaf Sontts o VIL_,; StreetAddress: /2795 . Alemelin é.méu)uf

Citv/StatesZiz: é“-cg:é _(_;..¥m M b gé . City/State/Zio: Q&A,vu QO ¥o21s
7

ark  Az-
/ Date: ‘-// /993
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GENERAL INFORMATION

Site Descripuon ana Operanonal History:

- 2

ar ta.

- l-nﬂc-l-;va—

2 acre uraniuen mini. inckil

J

- ,COJ‘C o= O(Jern.‘r'-p‘(v\; 1900 - 969

oyftf men€ arec a.j Jewren nine

S;& W"f" /” l/q/,{.'#,'ngd rn for matron

‘ Probabie Substances of Concemn:
{Previous investigatons, anatvucal gata)

gdlb;hu'c.ao(fs
/'{w7 mesnts
Oieset Lued

A-3




GENERAL INFORMATION icontnued)

Site Skewen:

- ‘Show all perunent features. ingicate sources and closest targets. indicate nortn)

A5




SOURCE &V

EVALUATION

' Sourcs

; Source Nsma:

/I‘f&- j);./{u (.n( HW-M

ve.: |/

Y

Sourcs Descnotion:

nm_rcw,}...f{.t«/ 21 Sume. Yt whre SiYE prea
Cotminetel ae ALscricllbe fous:

U“tr Mine Ares

Thsige Fevce. = 23 acres
Outs le fence = | aCre
Loitn WMune Afu r lacre s
& dures

Sourcs waste Quanuty (WQ} Calcuiauons:

7rer.

Prea

lp geres - 0.73‘- 767

3 Source Nama:

/(n/pn ,-M" .Y-'l‘wac T Ao

Source
e

Source Descncuon:

Dimersimi of UST are S F+ wide X
3 H~ /3 X unlenduna hu.r,M'.

Assurms. Frad yefime = SO“JJ

Source Waste Quangty (WQ) Calcuatons:

Trer:

(/ﬂ/w—-—(.’

{,woa-ul-—.'-ﬁ'ao; /0

Sourcs
No.:

Scurce Name:

/”4“4& rM usTr

3

Source Descnpuon:

ACsume Yamite Vrtume = me.__p

Source Waste Quanuty (WQ) Caiculanons:
= 7, ¥ ‘/' AJ.-&—‘—

5,0705"‘('/ Soo = L

o5 + JO+ 10 =27.6T=WC Toind
WC Score = /5

(see PA Taple 1b)

A-7
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' PA TABLE 1: WASTE CHARACTERISTICS (WwC) SCORES
_PA Tabis 13: WC Scorss tor Single Source Sitas ang Formulas

tor Multipie Sourcs Sitas
. : |
- ; SINGLE SQURCE EITES {asmgnea WC scores) | MULT?E"ESSOURCE
' N
¢ | SOURCE Type i i Formus for
n WC = 12 we s 22 we = 100 Assgning Soures
! ’ WQ Vakses H
P
; - N/A © s100B »100 ts 10.000 & >10.000 ® Dt
;4 |
] A4
w
LA
| i
§ N/A £$00.000 & >$00.000 1e $0 mulion & > 60 srelinn o - £.000
Log
' ]
Lanatil £8.75 mutisan >4.75 rruiken 1o 678 Avisen o >67% mutpn i t - §7.500
250,000 wt’ » 280.000 w0 2% mulken v > IS wulhon wr yo' - 2.500
Surtace £4.750 >€.7%0 19 675.000 &* >67%.000 - 67.5 |
Imocunoment ' £3%0 w’ »2%0 o 25.000 wo’ > 28.000 wo’ yo''= 28 :
| .
v |orums [ %1.000 grume > 1,600 o 100.000 sruma > 100.000 @rume orums - 10
c
Tanxs ana non. )
: crum ners £$0.000 gations >53.000 to § mulban gaions > 6 meiban ganens gavons = 500
~
$0.75 muisen 1 > 4.7 mulson s 675 mulkon > €75 wulion o 1 - 67,500
€ |Contammatec sou £250.000 va? > 380.000 to 35 meen o’ > 28 musen v’ yo! = 2.500
Pite £6.750 >6.780 10 €73.000 >678.000 P - €7.5
£250 wr » 250 10 25.000 v’ > 25.000 v’ ve' = 2.5
Other £6.730 i »6.7%0 10 €75.000 »€78.000 n* P - §2.5
=2%0 w’ N > 250 10 25.000 wr’ > 25.000 wo? ve' - 2.8
Lanct! $340.000 > 340.000 0 34 muiien > 34 oign e - 3,400
£1.8 scren i >7.8 to0 780 scres > 780 ssres acres - 0.078
Surtace £1.300 ! > 1,300 s 130.000 ¢ > 138.000 w* e - 13
a |moounament %0029 acree >0.029 w0 1.9 sarms >3 serme scres - 0.00028
® £3.4 wathan tr > 3.4 mulkon w 340 wulian o » 340 wiliian to/ e - 34,000
: Contarenaten sod £78 acres >78 4 7.300 scres > 7.800 sares acres = 0.78
Pie® z1.300 o >1.300 te 130.900 #¢ >130.000 w13
£0.029 eerwe »0.029 to 1.2 suree >2.8 awes acres ~ 0.00029
eatmernt £27.000 o >27.000 to 2.7 wuilion o' > 2.7 mithen ' -~ 270
Lana $0.82 pores »0.82 10 €2 scren >62 suree scres ~ 0.0082
Tton » 000D = 1w » 4 qrume » 200 gasans * Ube ores of lont Suriass wnoer us. AD! BUrses Srea of Bus.

PA Tabis 10: WC Scorss for Mutticis Sourcs Sltes

wo Touwr | WC Saave |
>0 % 100 18

> 100 ts 10.800 2
> 10.000 100

A-9
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GROUND WATER PATHWAY
GROUND WATER USE DESCRIPTION

Descrive Grouna Water Use Within 4-miies of the Site:

(Descrioe stratigrapnv, informauon on aquifers, municipat ana/or private weils)

/Ma ne.

Caiculations tor Drinking Water Poputations Served by Ground Water:

NA

A-11




GROUND WATER PATHWAY CRITERIA LIST -

SUSPECTED RELEASE

|

PRIMARY TARGETS

e . <
]

1]
+

(R}
U SRSV VIR &

1
I

i
D QI 2 &

i 4

|'l b I ol

Are gsourcss poony contamneda?

S the source 8 type likeiv to contnbuts to
grouna water conIsrTUNsuoN (e.g., wet
lagoons?

is weste gusnuty psrucuisny iarge?

's precipitation nesvy?

i1s the infiltrguon rate mgh?

is the site iocated n an ares ef karst terrain?

is the suosurtace Nohly permeadis of
conaucuve?

13 GNNKING waler grawn from & snaliow
squiter?

Afe SUSDECTIEd CONIAMINENTS MYNlY MODNE N
grouna water?

Does snsvtical o7 ciIrcumMstantsl evidence
SUQgEest grouno waeter contamunstuon?

Qther crtene?

SUSPECTED RELEASE?

= e <

11

)

L
M " B KW ez

i

"
P S

Cc

4] au O a th nr2c

is anv gnnking water wel nesrov?

Hes any NEsrDV CrAKINg water walt Deen
ciossd?

Has anv NSaroy GNNING water user reported
fout-tasung or foul-smeting water?

Does any nearnv weil nave 8 Jarge arawaown
of Mgn progucuon rete?

s snv ennkking weter weil lccatsg dDetween the
SIT8 GNG OTNEr Welis That 878 SURDECTSd 10 D
eXDOsed t0 8 hazarcous sutistance?

Does ansivucsa! er eircumstannst eviosncs
SUQUEST CONISTENATION AT & CNAKING Water
well?

Doss m‘emumq water weil warrsnt
sampung?

Other entena?

PRIMARY TARGETIS] IDENTIFIED?

Summanze the rationaie for Suspectec Reisase taTT8Ch an
soQiona: page if necesseryl:

/Va :«s,u«.ﬁ ~olease +o j,m.ﬂw.d‘er.

Surmmanzs the ratonale for Primary Tergets (attach an
sadisona page if hecessary):

Ne /n'ma.,., ﬁrfu‘_r,

A-13



/rau.u/uw‘er ]a){—r{an.d was rnof W bequce Fhere are ro cedve wellc

r-
:u;‘rfu..y\.. ’"/ M-/f.f aﬂ/ “he s, /e
”
' GROUND WATER PATHWAY SCORESHEET
}
D0 YOU SUSDECT & TEIRast tsee Ground Water PITNway Critend Wist. page #i7 Yes . No X
- 1S ThE SIte IGCITLS W KrST ferram? Yes __ Ne X
Jeotn to aguter: —Ie"'g‘f"“"
DiSTANCE 10 e NESrESt CNRKING WatEr Wel: M i st
VKELIHOOD OF RELEASE Asiasse o erermay
— SUSPECTED RELEASE: If vou sustect a rerease 10 Groung water isee sage 71, |
: a53:0n 2 score ot §50. Use anrv coumn A 107 TS BATIWEY. —
e an
2. NO SUSPECTED RELEASE: !f vou go NOT SUIDECT & fHIEAZE tO Ground water, And
: the Site 13 N KEFST TETAIN Of the GROTN 10 aquater 8 70 feet o w33, agNgN 3 SCore
— ' of €00: otherwsse. $350N 8 SCoTe ot 140. Uise eniv conamn 8 for TTes gathway.
LR »
”- TARGETS
‘ "z saMARY TARGET POPULATION: Determune the AumDer ©f DEOO $2rved BY
27ING WBTET weitg TNET YOU SUSDect ABve Deen CXO0SET t0 3 NAZAIGOUS
~— tUBSIANCE HOM the gite isee Groung Water Ptrway Crtera bust. B3ge 7).
peome 3 10 =
4 ZETTNDARY TARGET POPULATION: Determne the mumper 0f QRODIR SEfved DY
InAING water weils Tat vou 80 NOT suspect NBve Geen SXDOSEC t0 3 NAZArOOUS
-~ | sw;mmmmmmnﬂmmmm?&fmz.
Are nv wenis Dart ©f & Dienoed svstem?  Yes __ No
!f ves. 3TT3CN 8 BAPE 10 SNOW ALOONOIYNENT CACASTIONS. ——— co—
. A RALLL e ] JSeaiilee
L £, NEAREST WELL. !! vou have wenutieg a orwmnary 13rget peowsanon tor ground
i water. 333190 8 score 01 50: otherwase. SITIQN the Nesrest Well score trom
i PAT i It i .
Inie Z. 1! NO GNNIING WATET weils EXIST Withen & Mues, AESIQN § SCOTE 6f Zero s e
-~ 2. WELLMEAD PROTECTION AREA (WHPA): it 3nv SOUICE weS Within ©f 3D00VE § WHPA,
c 57 1t vOU NAVE CENTIHEd SNY PAMyry target weil witfur § WHPA, 33310n 3 sCore ©f ac;
; assigr S 1! NerNer CONGCION NOIGS But & WHPA 13 Bresent within 4 fules: ctherwnse
asign zer0. [T nes :
~ *  RESOURCES
Te '
- .
! WASTE CHARACTERISTICS
' f 8. A. 1 you Nave wOenThEd any Prwnary TarKET (Or GOUNT water, 333N e wWasTe
i mnmmm&umunt.ulmﬂnwn
~ i GREATER: o mot svawssta part @ of s $aCT0T.
: ! 8. If vou nave NOT idenmitied any pnmsry target 107 GrOUNC water, 855QN tThe
! waste CNAractensncs SCOrE C2ICLIaTes BN BICe 4.
f"n
' WC =
loumeues w & memwsn o 100!
-~ GROUND WATER PATHWAY SCORE: LR x T x WC
1‘ 82.500 /\/ A—
. . R
o~
' : ’ B
A~

A-15
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| B Y 1T ’ I S Y 3 IR I | |
\
PA TABLE 2: VALUES FOR SECONDARY GROUNID WATER TARGET POPULATIONS (‘,’ "l ,)
PA Tolla 28: Non Kaist Aquileui
- Nosrost Population Served E{Waﬁr Within Distence Cateyory | =~
Wolt ' ] " 191 107 toor | 2001 | teeor | 70001 | Oreeter
Distance lchoose | te te to te to te to "~ then Poprdation
from Site Popuistion | highest) 10 30 100 300 1.000 Jood | 10000 | 30.000 | 100000 | 100.000 Vatue
0 to 1o mie . 20 } 2 ] 18 52 183 .81 1,633 | 5,214 | 16,325 _
>% to % nvis 18 ) ) 3 10 k)] 103 EFE] 1,012 § 3.233 | 100Dy _ -
>% to | nle s 1 ' ] 3 i} 52 187 622 1.668 | 6214 .
>1 10 2 mes e 5 t ) ] 3 ] 29 84 194 L3 2,938 e
> 210 3 nules 3 ' ! ] 2 ’ 21 88 102 878 2,122 e
»3 1o 4 nutes — 2 t ' L] L] 4 13 42 121 T} 1306 o
Nearest Well = Scote =
PA Tabta 2b: Karst Aquiters
Neoarast Popidstion Served by Wells Within Distance Categery
Well ' " n to1 00 1000 3000 | 10.000 | 30000 | Ometer
Olstance {use 20 t o te ' " se to fe o then Population
from Site Population | for herst) 10 20 [ 00 ).000 3000 | 10000 | 20600 | 199,000 | 100000 Value
0 to % nvle e 20 1 r | s 1 s2 fves | sar | eeay | sava freas)
> % te K nvile 20 1 1 3 10 ” 101 31 1012 ] 3.2 Jwoansf
> % 18 1 le _ 20 ! 1 | ] 28 82 261 111 ) 2,607 | 8.t62 o
>i@2autee  § . 20 ! ? ? ] 28 82 28) ais 2,607 | 8162
2210 3 niiee 20 A ] 3 8. 26 82 261 ele 2,607 | s.162 . N
>3 1 4 nvies e 20 " 1 } a 18 '} 161 (1] ] 2,607 | B-.1652 N
Neatest Well = Scorte = |
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SURFACE WATER PATHWAY
MIGRATION ROUTE SKETCH

! Sutace Water Migranon Route Sketcn:
. hincluge runoff route. propable pomnt of emry, 15-miie target distance limit, intakes, fishenes,
i ang sensiuve gnvironments)

A-18
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SURFACE WATER PATHWAY CRITERIA UST .

SUSPECTED RELEASE

!

PRIMARY TARGETS

e

e * <

K
()

= 2c

is suriacs water nearov?

IS waste guantty parucuisny 1arge?

1S the arainage srea isrgs?

o SETR  * E
0

s raintsll hegvy?

Is the infiitraton rate iow?

Are sources poorly containeg or prone to
runoft or tiosaing?

t
!

1
e
1)

is & runatt route weil definad (e.g.. Sitch Br
SRanne! 1S8CING 10 SuUrsce watern?

18 vEQETEUON SITESERd SIONY (he Drobadie fun-
otf route?

Are ssqiments or waier unngturally giscotorea?

i3 wuglite unnaturativ apsent?

0"
. O G G ¢
"

Hes gepomimen of waste vt surface water
osen suserved?

fa s
t
t

iS Qrounc weter aiscnargs to surtace water
hkerv?

"
Pas
H

Ooes snaivrical or errcumstanus evioencs
SUQpest suriace weter cenamunaton’

Qther cntens?

= SUSPECTED RELEASE?

L4

fxsc

nno-<
o

i\s anv warget hearov? if ves:

= Driniong water mtake
= Fisherv
X Sensiuve snvironment

Has sny ntake. fishery, or recreanona: gres
been ¢ciosed?

"
fa S
"

Does analviical bf CICUMSANDA sWVCancs
SUGQEST SUTtACE WaIST CONMAMINSTON &t Of
gownsuesm ot a target?

] 1)
W
) N

Drinking water mtaxs
Fishery
Sensiive ennronment

Other cntana?

PRIMARY INTAKE!S| IDENTIFIED?
PRIMARY FISHERYES) IDENTIFIED?

PRIMARY SENSITIVE ENVIRONMENT(S!
IDENTIFIED? :

i Summanzs the rationale tor Susoected Reisass (aTIscn an

sgaimona: page 1f necessary::

N surfcc{-eﬁ relbios o
Surfmel e,

Summanze the ranonais for Primary Targets (attacn an
sogionsl page # necessafy::

M sus ~llsce Yo f—_“rﬁux'
atec; FherLfere re primas
:2; ‘g" <. “77;!?- S, 21 WIM:Z—

a narimak zﬂﬂ“—- whieh.is
Al 4 sans/frre Onviron-
mést fvr sc.a(z‘?j pur fises.

A-21
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SUCTRC. WAL a XAl

etz /-p"r’rt-(.l_‘ LTt Gthin 1S JewnSkcam aiies oF e sie.

SURFACE WATER PATHWAY
LKELHQOD OF RELEASE AND DRINKING WATER THREAT SCORESHEET

WRAT IS the QOWNSTrEam GISTaNCE T The Nearest onnung water wtaxe ? 'A' mnes
Nesrest nsnery? Z._mues  Nearest sensitve envwronment! Yo mues

00 You SuSDeCT 3 release 1see Surtace water Patway Critens List. page 1117 Yes No X i
JiSTaNCE t¢ surtace water: - g‘ LYO i
S:308 tresuency: > <oo 5|

A 8
Sunsemar Mo Sunemmmew
LIKELINOOD OF RELEASE Ssiasse Roasss |
L]

SUSPECTED RELEASE: {f vou SUSDECT § /@IEXSE 1O SUMTACE watler isee 830¢ 1 1), |

assign 3 score ot 550, 'Use oy coumn A tor thus S3thway. .

. [t ¥ T¥X 1]

<~ NO SUSPECTED RELEASE: It vou 80 Not SUSOECT 3 FRIESSE 10 Surtace
~ater Lse tNe TADIE BEIOW IO ASGN § SCOTE BASEC OGN MISIANCE 10 SUNTECE
water anc 11008 treguency. Uss oniy Conamn § fOr TS S3TTWaY.

DiSTaNCE 10 SUITaCE water < - 500 teet [

.rsTance to surtsce water » 2.500 teet. anc |
Site . gnnuat or 10-vear noscaoisn . $00
Site m 100-vesr nooCDIBM i 400
Site m 500-vesr noogpian > 00
3:1e outsige 600-vesr noogoiam 100

I

't SECONDARY TARGET POPULATION: Deterwne the msnoer ot pRCDE SErves O

' T PRESOURCES

Girnbinc. viatin Hheead was net scoms’ licduee no

ORINKING WATER THREAT TARGETS

L |

3. Recora the water BOOY Type, How if S0DNCIDIE). SNC MUMDET Of DEaDie SETved
SY S3CN ONNEING WAET MITARE whatiun The TANgET S1STINCE wrrwt. If there o NO
INNCING WalE? NTIKE WITPRN the target Bistance wmit, tactors 4. 6. ano §

2aCN testive 2ery SCOres.

inTane Meme Woser Soov Fves e nd A_— Sarve N
i ; =1
cts
ets

—— e

< BAIMARY TAAGET POPULATION: If vou SUSDECT SRV GAMNG Water NTKE kKSTed
J00ve NIS Deen RXOCSEC 10 3 NEZIMOOUS SUDSTANCE 1rom e Sie isee Surtace Water
Syrnwav Critens LT, Cage 1Y), kst the MIaKe NEMELS! N0 CAICUATE the 1aCTor
SSSre 92320 ON THE TOTS) SODWSTION Served.

peoow x 0 =

onmeng water mtaxes NSt you do NOT suzpect Rave desn expased 10 & RAZIrOOUS
SuUSSTanCe frOM the T8, 3NY ASHIGN the tOTA PoDWatoN score trom PA Tadie 3.

Are gnv wTaKES DIrT Of 8 Bienced gystem?  Yes No

— ———
¥ ves. ATIECN § £aQe t0 SNOW SDDOrTIOMNIMENT CAICUIEDONS.

——————
el Le e Rli.ee

NEAREST INTAKE: If you Rave oentitied 8 ONM3ary Target pODULTON for the
Innng water TIYESt M3CTor 41, as3igNn 3 score of S0: oMenwesa, ssngn Me
Nesrest intane score trom PA Tadie J. !t N0 8nmong water mTaka EXISTS WiIthen
he target SiSTINCE hrMt. 235:gN 8 3COre O 2ero.

A-Z3
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L I I | B IS I OTTY Y 1 T 7y "y Y OTM B
. (’
PA TABLE 3: VALUES FOR SECONDARY SURFACE WATER TARGET POPULATIONS ( / 1//*{ )
Nearost Populdatlon Served by Infshes Within Flow Categury S S
Siwfoce Water rtake ’ 7] res ot toor | seor | 10001 | 30000 | 100001 | 200001 | Greater
Body Flow ichoose te to o o o to to " ‘o te than Pagudation
Yfs00 PA Tablo 4) Popudation § Nahest) 30 100 200 1000 | 300 | 10600 | soece | 100000 | se0.e0e ]1.000 0001000000 Valve
<10 cis e 20 2 1] 18 82 183 31 1633 | 6,214 | 16,325 ] 52,136 { 103,248
10 10 100 cte 2 1 1 2 6 18 62 | 102 511 1,633 | 65214 | 10325 _
> 100 10 1,000 cfe | 0 0 1 ' 2 s 18 52 103 521 1,833 L
>1.00010 10000 cfo]| 0 o 0 o 0 1 ' 2 5 18 52 163 o
> 10,000 cle os 0 o 0 0 [} 0 [} 1 1 2 ] 18 o
Groet Lekes
3 wiile Mixing Zone 10 1 2 [] 20 a3 289 e 2,007 | o102 | 20068 |1 883
Nearest Intake = Score =

PA TABLE 4: SURFACE WATER TYPE / FLOW CHARACTERISTICS
WITH DILUTION WEIGHTS FOR SECONDARY SURFACE WATER SENSITIVE ENVIRONMENTS

Type of Surface Water Body Dhitlon
Water Body Type oR flaw Welght
rrinimel stroom < 10cle o !

smefl to mederste streem 10 te 100 cie 01
modetets te targe streem > 100 10 1,000 cts N/A
lorge etraemn to river > 1,000 te 10,000 cfs N/A
leige siver > 10,000 ofe N/A

3 mite mixing 10ne of
quiet Hawing stroams of rivers 10 ofe o1 gresler N/A

covstel tidel water tharhors,

MIA N/A

soamnds, Deys, otc ), ecean,
ot Gront Lakes




SURFACE WATER PATHWAY (comumusd)
HUMAN FOOD CHAIN THREAT SCORESHEET . -
[ [ yP—— Mo Sumnemms |
. Asinesy Reloose {

UKELIHOOD OF RELEASE

- -
-Enter Surtace water Lixeunood ot Release score trom gage 12, - ‘ ' /00

HUMAN FOOD CHAIN THREAY TARGETS

. E. Recsrs ™e water 800Y type NG How @i SDORCADIE) 1Of G3CH hishery withun
NE 1Irget ISTANCE wmrt. 1t Thers 15 NO HSNBYY witren the target
Jistance «mrt, assion a Targers score 6f O st the SOTIOM ot the Bage.

: Fenary Nome . ok d Tvee Rew

: | Coloe do Diven dives Zovo +_ 20 6t0 -8

———

3. PRIMARY FISNERIES: i you SusDect sfiv hsnery KSTEG SDOVE NS BN EXDOSAd
10 3 fazarcous SUOSTANCE oM the sie tsee:Surtacy Water Cntens LSt page V1),
a3319n 2 score o1 300 anc 60 ot svanme Factor 10. List the prmary tishenes:

.

° S, SESTNDARY FISHERIES

A. it vOu SUSDECT 3 reIGaSRE 10 SUFIACE water Snd Nave wWentihed § SECONGASY fishery o i
DUt no pnmary tisnery, sssign 8 score of 210, ‘

8. it vou 8o not sUTOECT & release. 2330N & Seconasry Fishenes gCore 1rom e Tade maew
DeIOW NG tE 1I0WweST How 8T SNV HSNETY WAtTWN e TErgET BISTANCE #rhit.

! [ut-uu- i Sonsepary fshanas Sasee
\ < 10 ets ' 210

. 10 16 100 ets ! 30 ‘ /2=
: > 100 ets. caasta | ‘
neal waters, oceans, i 12

or E'.ll Laxes

Retorarmas

/ S

[~y J pI-c~r
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SURFACE WATER PATHWAY (contnued)
ENVIRONMENTAL THREAT SCORESHEET:

A28

A B
Simommms - | Mo Samoemne |
WJKELIHOOD OF RELEASE e d Sete y
- [~ < 1T X _J
Smter Surtace Water wxenncod of Retesss score from page 12, IR=» 700
SNVIRONMENTAL THRE_AT TARGETS
Recorg the warter 800v type 8nG How ui aDDUCIDIA) 107 SBCH RATACE water
IENSITIVE STRWONTNENT wittun e tBrget SisTancs wnk (see PA Tabies 4
Ing §1. It there 13 NC SANETTIVE BTVWONIMENt withm The TRIgET GiIsTance
umst. 333:9n 8 Targets score of O at tThe pottom Of the BaDE. _
wWaeer Saov Jvee Rew
'-‘j.tﬁc::maa___"" cts
.Ilﬂ Zz 700 - Lexp cts
‘ (=2
; : ets
| ‘ ets
K Pmu&lvmmm: § vous SUSDECT 8T SENSTIVE SYVION-
: e nItet ADOVE RS BEEN SXDOIL 10 3 RAISIOOUS SUDSTANCE 7OM The SR tsee
Surtace water Coitens Ust. page 11], 33500 & score ¢f 300 anc @c nor evaiuate
*actor 13. LISt the DRMETY SENEITVE ENVIFOIVIENTS:
T2, SECONDARY SENSITIVE ENVIRONMENTS: if sensruve erwwonments are
pregent. BUT NONE 5 & PIFIY SINETOVE ETVWONMeNt. Svensis Saconasry
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SURFACE WATER PATHWAY (conctuded)
WASTE CHARACTERISTICS. THREAT. AND PATHWAY SCORE SUMMARY
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SOIL EXPOSURE PATHWAY CRITERIA WIST
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SOIL EXPOSURE PATHWAY SCORESHEET
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PA TABELE 7: SOIL EXPOSURE PATHWAY
TERRESTRIAL SENSITIVE ENVIRONMENT VALUES
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AIR PATHWAY CRITERIA LIST
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AIR PATHWAY SCORESHEET
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APPENDIX C

SITE PHOTOGRAPHS
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View of mine ore cores at site.

North view of area horthwest of site with scattéred ming tailins.

West comer of site at right.
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Northwest view of the diesel underground storage tank fill spout covered
with mine tailings. Northwest edge of site indicated by the fence beyond.

South view of diese! underground storage tank with west corner of site beyond.
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APPENDIX D
 SITE INVESTIGATION WORK PLAN

The tollowing discussion outlines the site investigation work pian. The work plan is
divided into three tasks. Task | includes preliminary activities to be performed prior to the
field investigation. Task 2 delineates the field sampling and analysis prograrh. Task 3 describes
report preparation. The attached table presents a cost estimate for completing the following
scope ot work.

Task 1 - F;reliming[! Activities

HLA will attempt to focate aerial photographs of the site from the years 1930 to 1969,
(during mine operation) and a recent aerial photograph of the site. Select photographs will be
purchased to assess historic mine activities at the site and to prepare a base map tor the
sampling and analysis program to be performed under Task 2.

HLA will interview additional former mine employees to assist in interpreting the
historic aerial photographs to select appropriate sampling and analysis locations. We will collect
meteorological data from existing resources to assess wind speed and direction to be used during
the risk assessment. as discussed in Task 3.

Once the historical aerial photographs and meteorological data are reviewed, HLA will
develop a sampling and health and safety plan for the field investigation. This document will
identify the specific activities to be performed during the field investigation, required
equipment. samplé collection and handling procedures, and specific health and safety issues for
the personne!l involved in the field investigation.

sk 2 - Fi nvestigati .
The field investigation involves three primary activities: underground storage tank

closure, radionuclide survey, and site mapping.



R
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Underground Storage Tank Closure

ADEQ regulations require that before closure, the USTs need to be registered with the
State. At that time. the closure process can proceed. In the field, HLA will assess the presence
of a second UST by digging a shallow excavation in the suspected location. The USTs will be
pumped dry of remaining fluid. The residual fluid wiil be placed in 55-galion drums and
stored onsite prior to recycling. Once the fluid has been removed from the UST and vapors are
vented below explosive levels. the UST will be removed with a backhoe, visually inspected for
leaks. and hauled offsite for disposal. The soil surrounding the UST will be visually monitored
and anaivzed in tﬁe field with a photoionization detector for the presence of petroleum
hvdrocarbon vapors. Soils with detected vapors will be excavated and stored onsite on plastic
sheets for subsequent remediation and/or proper disposal. Soil samples will be collected at the
base and sides of the excavations and analyzed to verify that petroleum hydrocarbon-affected
soil has been excavated.

Radionuclide Survey

Previous site surveys have indicated that the radioactive waste material from the Orphan
Mine is not confined to the present fenced area. The intent of the radionuclide survey is to
assess the extent (i.e.. area and depth) of radioactive mine waste at the Orphan Mine. The field
survey will evaiuate both the area at the canyon rim and the area surrounding the lower mine
workings. Data obtained from the field survey will be used directly in the risk assessment

process. The key components of the field survey include:

general gamma radiation survey

grid node gamma radiation survey

grid node beta radiation survey

subsurtace beta and gamma radiation survey

physical sample collection for laboratory analysis

D-2



General Gamma Radiation Survey: The land area surrounding the present fenced site at

the canyon rim will be surveyed using a gamma scintillation meter. The purpose of this survey
will be to assess the lateral extent of radiation above natural background and to assess the total
area to be included in the next level measurements. Natural background conditions will be
established with the gamma scintillation meter for locations within one kilometer of the site.
Small flags, fluorescent tape, or wooden stakes will be uéed to mark this outer boundary.

Grid Node Gammsa Radiation Survey: Once the total area with radiation levels above
natural background has been identified, the entire area will be subdivided into square grids 10
meters on a side. Larger or smaller grids may be used depending on the size of the area and
the results of the g-eneral survey,

A detailed gamma radiation survey will be made of the grided area using a2 gamma
scintillation meter. The field personnel will take readings at the surface of the ground and at
about 1-meter-high at each grid node location (i.e., at grid line intersections). The area within
each grid square will be scanned by walking slowly over it and observing the uniformity of the
readings and noting the location and magnitude of the highest readings. More detailed readings
will be collected at the ground surface to define the areal extent of the highest readings.

Given the maximum public exposure of 0.002 rem/hr (2 mR/hr) identified in Section
3.3, areas that are identified in the gamma radiation survey that meet or exceed this value will
be identified with a dif fe;-ent color of flag, tape, or stake than was used to define the outer
limits of the mine waste area. If the surface level readings are used to deﬁné the 2 mR/hr and
higher areas, a conservative estimate of the area exceeding the hourly limit will be obtained.
Total-body exposures that would be experienced by Park visitors and staff would be expected to

be much lower than the readings at the ground surface.
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Grid Node Beta Radiation Survev: Either concurrently or sequentially, the grid node

survey will be repeated with a Geiger-Mueller (GM) counter. Two sets of readings will be
collected. one with the GM meter cover open to measure total beta and gamma radiation, and
one with the cover closed to measure gross gamma activity. Gross beta activity is determined
by subtracting the gross gamma activity from the combined gross beta/gamma activity. As part
of this exercise. gross gamma readings will be collected éoncurrently with the scin'tillaltion and
GM meters to assess the level of agreement between the instruments.

Subsurface Radiation Measurements: Once the surface radiation survey.data have been
collected. the areas of highest surface radiation readings will be examined to assess locations for
subst;\rface radiation measurements. Subsurface areas should be mea;ured because areas with
high radiation could result from the presence of subsurface material with high radiation. A few
areas of low readings wiil also be examined because the potential exists for higher subsurface
radiation readings in areas where low readings were encountered at the surface. The excavation
equipment- used to remove the USTs will be used to dig shallow trenches across a few of the
identified areas. The trenches will likely begin and end in the areas of the low radiation
readings and cut a cross section through the zone identified as haﬁng the highest surface
readings. Because of the shallow depth underlying the bedrock, it is anticipated that the
trenches will be no more than two feet deep and no wider than the width of a backhoe bucket.
The excavated material and the lateral and vertical extent of the trench will be surveyed with
the scintillation and GM meters to assess the vertical extent of the mine waste. The surface and
subsurface data will be used to an estimate of the quantity of radioactive mine waste at the |

upper mine area.
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Physical Sample Collection: - Soil and rock samples will be collected from various

surface and subsurface locations. Sample collection sites will include:

outside the identified mine waste area

- inside the identified mine waste area

- areas with radiation readings above background but less than 2 mR/hr

- areas with radiation readings above 2 mR/hr

- areas inside the shallow trenches

- areas with the highest radiation readings

The collected samples will be submitted to a laboratory for gamma spectroscopy analysis.
The primary purpose of the laboratory analyses will be to assess levels of uranium-238,
thorium-230, and radium-226 in each sample. Other radionuclides may be identified using
gamma spectroscopy methods if they are present in the samples at high enough levels.

_ Survev of Lower Mine Workings: Two members of the field team will hike down to the
lower mine workings to perform a radiation survey of the area surrounding the "glory hole” and
adit. If surface water is present in the lower mine area, a sample will be collected for uranium
analysis. A less detailed survey than was performed at the upper mine area will be made at this
location. It is intended the team members will complete the survey and make the round-trip
hike in one dav. |

Site Mapping

Upon éompleting the investigative activities, the horizontal and vertical position of each
marked location (flag, stake,' excavation etc.) will be surveyed and tied into a site coordinate
system by a registered land surveyor. These data and other site observations will be used‘ to
develop a detailed base map for the site. Field radiation survey results (beta and gamma) will

be plotted on the base map for use in the risk assessment.
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A draft report wiil be prepared and submitted to the NPS for review. The report will
include documentation of the collected data, conclusions, and recommendations for additjonal
work if required. The report will be revised based on the NPS comments and submitted to the

NPS as a final document.




_ Hsrding Lawson Assoclates
TABLE D-1. SITE INVESTIGATION
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK
ASSOCIATE _ SENIOR PROJECT STAFF __ TECHNICAL  WORD
TASK SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDITOR PROCBSSOR CLERICAL GRAPHICS TOTAL
Task1- Preliminary Activities
Geologic summary 8 2 10
Review applicable :
state reguiations 16 16 4 36
Aerial photo survey 16 16 4 36
Task 2 - Field Investigation
Sampling and
analysis plan 4 8 16 L 8 10
Health and safety .
plan 2 4 16 4 8 34
Underground storage
tank closure 8 16 36 _ 60
Radionuclide survey 48 48 _ 8 4 108
Task 3 - Report 15 25 20 0 5 12 8 15 100
Total hours 117 89 48 84 13 46 12 - 15 424
Hourly rate ($) 95.50 63.66 5813 49.14 35.99 40.13 35.99 35.99
Subtotal cost ($) 11,174 5,666 2,79 4,128 468 1,846 432 540 27,043

Note: Bight ficld days with two people are scheduled for Task 2.
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TABLE D-1. SITE INVESTIGATION (continued)

OTHER DIRECT BUDGET ESTIMATE
- ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK:

Task 1 - Preliminary Activities

Acrial Photo Survey

8 Photographs @ S50

Task 2 - Field Investigation

Sampling and Analysis Plan

Computer time 8 hours @ S25/hour

Health and Safety Plan

Computer time 8 hours @ $25/hour |

Underground Storage Tank Closure

Laboratory fces 5 sampies @ $100 each
Equipment renial

UST Excavation and disposal cost

(assuming no over-cxcavation of affected soil)

Radionuclide Survey

Equipment rental (radiation meters) 7 days @ $90/day
Personal protective equipment
(coveralls. boots, TLDs, et¢.)
Air travet - 2 roundtrips @ S800
Per diem/hotel 16 days @ $100
Rental car 8 days @ S50/day
Laboratory analyses 20 samples @ $100
Surveyor (To be determined)
Miscellancous (estimate $500)

Task 3 - Report

Computer time 25 hours @ §25
Reproduction

Harding Lawson Associates

S400

$200

5200

$6,000

$1,600
$1,600

$500

$625
S200

Total cost

B16029-125

516,055



Harding Lawson Assocletes
TABLE D-2. RISK ASSESSMENT
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK
“ASSOCIATE _ SENIOR — PROJECT ~_ STAFF  TECHNICAL  WORD
TASK SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDITOR PROCESSOR CLERICAL GRAPHICS TOTAL
Task 1 - Risk Assessment 75 40 150 50 16 28 8 18 100
Hourly rate ($) 95.50 63.66 58.13 49.14 35.99 40.13 35.99 35.99
Subtotal cost ($) 7,163 2,546 8,720 24571 576 1,124 288 648 2,522
OTHER DIRECT BUDGET ESTIMATE
Task 1 - Report
Computer Time 56 hours @ $25/hr : 1,400
TOTAL | $24,922
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DISTRIBUTION

8 copies: National Park Service
Denver Service Center
12795 West Alameda Parkway
P.O. Box 25287
Denver, Colorado 80225
Attention: Ms. Shelly Wells

QUALITY CONTROL REVIEWER

ahit G

Robert A. Zimmer
Associate Environme@cientist
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